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(57) ABSTRACT

A magnetically balanced electric generator 1s provided,
which includes a rotor rotating, a fixing structure having a
fixing axis, a rotating magnet body movably coupled with the
fixing axis, and engaged with the rotor, a power-generating
block vertically separated from the rotating magnet body, a
first magnet mounted along the circumierence of the rotating
magnet body, a second magnet mounted along the circumier-
ence of the power-generating block, power-generating mag-
nets mounted 1n the rotating magnet body and rotating about
the fixing axis upon rotation of the rotating magnet body,
power-generating units mounted 1n the power-generating
block to generate electricity because of interaction with the
power-generating magnet, and a gap control unit moving the
rotating magnet body with an interaction of an external force
to control a gap between the rotating magnet body and the
power-generating block.

4 Claims, 5 Drawing Sheets

2117

: 3
'

_ ) )

2122 2123 2124 2121

W T e iiaaa s
217



U.S. Patent

4 m R R R R R R 2 i ER R B B B OB OB 2

h'-. L 5 5 5 L 8 ]

aaaaaaaaaaaaaaaaa

- L BN NN CLEE 'S " AEREEEE - . aa

-
r
F
a

'
i ".-.-:’

r

P e e P

Apr. 2,2013

Sheet 1 of S

FIG. 1

Prior Art

:

4 & & 4 & & & & A & A L & & A & 4 B & & & A 4 & & 2 & & A & & 4 X 2 X B &

.
L
B
h

L L e

f
]
'
4

TR

]
Sy

4 & & & L 1 B A & & = & & & & 4 & A X L & 4 & 4 B L & L &= & 4 & &2 & &

-

US 8,410,629 B2

IﬁﬁtJﬁH_
Y 21; e

-

l"':||I| -'l' -H'.l
oy e
SRR

! [ ] [ ] 1
,-_J'.*-..'-.:-.."-.'-.'-.'-. ) 1-..'-..'-..‘l..'-..'--..-'-:.‘-:-:-..'-..ﬂt\'.'-..'-..'-..‘-..

' -
N 1 n
b'_! 1 I.
-h—-—-—---.-r-r-—-—-—-.--r.-r——-—-—-'l-!.-' ‘g r ..
AEEE " 'S' T EEEE R LT L' ATE.EEE =Y L™ LBTETET - I L} E
] Yy
4
1.
L

v, !
n
.: v
, ]
:4 A hhs ey - LR AELE LA L LR LR L AR L :
L | ] ‘ .
n n -
) :l 2 ]
" " nt h
", L nt h
", L Y h
", o n h
", - ., |
", L nt h
h .l 2 ]
" " nt h
. Lt R oW rerualiger cm md "l "'" h

N, o l:" h
", o - |
" " nt h
", L nt h
", L n h
") W "': :
:" — - 'lulll-lll-lll-lll-lll: :'\ h
N ‘n [ w I
I|: 4 :I| "n -.: |
. o . - T —r—
' e 11111111ﬁ¢&11ﬁ11111 e ) : -
n -
. . b
b T g g gy g N —— I-- g g g gy H

I .

] Y

& i

! i,

3 R

o=
ot

A EEEE A EEEEEEaEEEEEE e E E . L_F_F_F_F_F A A A EEE E A

4

"

-

;'::!_}

2

F PP PFPPFFPPFFFPFPPFFFFFFEFFFPFFIFFFFFW

e T T e T T T e T e T e T T e T T e e T T e e T e T T e e e T e e Ty T e

170 130

\ i

A

I'_I'-ll'-r'-r'_r'-ll'-r'_rl'-ll'-r'-r'_r'-ll'—r'_r'-r'-ll'-
-1 »

R

PR R A

o
LY
r

11111111

g gyt gy g gy ey iy ey iy g ey gy iy by e g S
EEEN h-II--II-II--II--I LR

ﬂ
RALAY L1 Kl
L L

K s
)

- A
.-'.r.r.-'r.r#

1
P . . L

i

g |
200

i it
ArAAAI AT

ol B o

EE IS I EEEEEEEEN M------------“

VL L E L TR L TR L R

18l 1

T VL EL . E L TR

S

#
#
f

-

4 4 4 4 4 a4 a4
g i o o N i

“h
%

L]
EEEEEEEEEEEEEE S EEE S EEE EE SN EEEEEEE EE SN EEEEEEEEEEEEEEEN
R E A TR L L TR LT T L L TR L L T T T L L T T LT L T L LT T L T LT L TR EL 'I.'-.'I_'I.'I.'-.'-_"

o
F

A

140

LR FEEREE LR EEEY .’-’J

Sy

e ..-.....'.-..-F

111111111111111111111 24
.11-‘.“:1 e e e e e
Ik
o
h.-.q..q. e, e, i i, e e g, i e g, il 3
EEEEEEEEEEEEEEN II--': 1 T TR L
Ay LF iy L
o
X — o
" i [
. ~
)
N1
l.-l

!
=

- .

'

o R TR R T e e
; I
X }
“
", I
&
., i )
X I
n, by —
p _I ﬁ%-
" -."Iu-'.-h:I
:!-'ﬁ.-qr_-‘-rl - .



U.S. Patent

Apr. 2,2013

Sheet 2 of S

FIG. 3

1M1 121 11

I

1680

US 8,410,629 B2

140

wRF R,

¢ ™
i §
b 4

T 117
SN
h\i'."-.'.
Lr."n.. - e . nr
i i

180



U.S. Patent Apr. 2,2013 Sheet 3 of 5 US 8,410,629 B2

v } I AR

ol Vioy
1 HE Bl
i3 3 -t

"‘-."'-.'"u.':!:q' ".'E"'.."'..."'.. 3&. L N ,"-..,"-;l.'i..,"., e R R, LR B q.'-."'-"'u."'-":.':"'.. :.'i 'I"q."'u."'--.1

l-;ll ',: "'u .hm"::u‘h:\'\‘\":.‘;l"n‘ﬁ- :. 3 g
‘ ' ?.: ‘&ﬁm 1‘“—5 'l
ilﬂ. 1 =1 X W{.T.,:. 'y .E .EI i"-._
% Q‘-‘-:-._hﬁt {§ Bl
B it kB .-\"'f ) f i!j
! SL N Y

: . N .H AN, I

|

- " - +‘-
-_-F_,_,l"'-" o o i il
- o .
o - . ._.
i - r e
) -"!-_‘l-ll"-
o mt [ )
B A . : " ;
'i " - I" ’J - ’ . - -
A -
" [ | - ) -
1 " i, e 01 A - .
| ] 4 . ] -




U.S. Patent Apr. 2,2013 Sheet 4 of 5 US 8,410,629 B2

1 % 1 1 =5 " 1 W 11 5 !
M am Em = T ar .. m =m x. 4/ f 3 Xy a2 . wx r. -

|l . '

J v ' S .
! | e 3 SRS
*! " ; '-"l"::‘ﬁ e Ly C o, g LY o g ey A e o
o | <! i Ei“l ) — R M Crrm g mmnay y Ly t: N !:f'-l -
| - i e o~ 2V { ..!:i L) \I};}T . 3 'f:;'_h f::i R
! i' A ot S 3
-.-_1 1.‘ -‘- w—.— [ Hljy N N N N NHigw I § B B §F Ny By N B B N I I_-_T_-.-{.I__ LN .y §H H N N By B o §F N N 5 = .‘...a. L] b:..-_-_-
: ¥} L == v v e b v

1. b\ !—.. . — 'H;. Ak .-.l
l Elh = . Xt
i e : I
b, | Y o} Sit O,
Y !'!'E S‘% ' :5: X
B . oy ) X
. . : 2
Ll g
) S5
o ‘.;.!3'
|-:. _.':"I.’L
N t_‘ 'i.‘.
AR .
'l.ﬁ"

;

L R F -h
5 - _— \ ., _— ) -
.‘-n:'-i-:l."h-.ﬂ_h L-'-:l.l ‘-F._‘:-._—-.- .':--. _-'.Il."-‘-' -~
- _-"'_"'""—.'.— iy p—
q
T

180

T i T T e

7115
r - .
4 L

i 4

i85
g
&
:

F hy v #‘L
~— N |‘ t oy :J:.'-r "
e L DL B A
3 :: E :E. E'. ::,.,.'.b lﬁéﬁ'ﬁ_ dﬁ‘_ﬁﬁ

o) PO A A e
ey - . L *'u'?' P S K
kﬁ T o Le S SN 2

o »-
SR )
R R A I I B B BRI I A IR it N g g g A

-
' Ol i | -‘.ﬂ"l
"I..-u-u-h.-u-u-u-;-u'-u-n-u'-u-u-h.-u-u'-h.-;-u'-u-u'-u'-u'-u-h.-u-u-h.'-u-u'-u-u'-u'-u-;-h.-u-u-h.'-u-u-nt-ntnn.-nn.nnt‘nt-n.nn-uh X . ..P"'* ,_E."' - .t'lq" ._;;‘ -'l:;;
o

A
=

e % -
e e Sttt
T L Y L R L N N R M My R M g g g My M g M N M R M g Uy M g My gy My My M My M g My S g M Ry LR 4 ‘ﬁl-":-‘ ."-. 'm .r’.
H----------------------------------------------------------------15£¢E%Pﬂaiﬂihrﬂ H} Jﬁ'f.f
b, .lqlq-..'-.‘..“..1-.‘..1-.1-.‘..1-.1..-'-.1-.‘..-'-.‘-.‘..1-.1-.‘..1-.1..-'-.1-.1l“..‘..‘..1-.1-.‘..‘-.1-.‘-.1-.1..-'-.1-.1..-'-.1-.‘..1-.1-.‘..1-.1..-'-.1-.1..“..1-.‘..1-.1-.‘..‘-.1-.-'-.1‘1l‘l. = ‘1_* ﬁ_* ‘1_* * -1 v-ﬁ-
s
H----------------------------------------------------------------iﬁfhﬁsgbgﬁﬁyﬁ{ﬁ‘ ?
e e e e e e e e e e e e e e e "?".i::‘-":- - ;
e —————————————————————_—————_——————————————————————————————————————————————————————— {T" : .
.hlﬁﬁﬁﬁ"\ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ‘*ﬁﬁﬁﬁ‘ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ‘ﬁﬁﬁﬁﬁﬁﬁ‘*ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ'\“ﬁ‘:.él. j:-.F'-‘I:-.:‘I#i -
et

oyl k)
::ru._-._-ht_-._-._ NI I e N RN IR BB I NN IR BRI N NN B RN BN B RN uh-._-._-:-":?"" ‘I::,i":ﬁ":h o
lq—.‘uﬂh‘hhﬂhl‘lﬁ g gy iy by ey nly g ey ey ey g ey ey g ey nhy e ey ke e ey g ey ol g g ol ey e ke e ey g ey ey g g oyl ey e ey g g el by el gl e ey, ey, e, & h '-..‘_. .P.“ .v‘-l--ﬁ‘
-

%
' yh 4 & -l e
Iy - | - L,
] J‘ #ﬂﬁdﬁ wtf’

L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ¥ Fa I
" “h h

AR AR R RR SRR AR LR ALE LA LERREL R ALE RS A LR LSRR EANAEA SRS LR RS EL SN SR ARS Sl ol lII-E*
s

1° ) —kl#
; {;m ﬂyf
el b e b e Ty T Ly T Ty Ly T Ty Ty L Ty By Ty Ly T Ty L T Ty Ly T Ty B L T ey L L T Ty Ly Ly L Ty L Ly e Ty Ly Ly T T Ty T T Ty, 1-.11.11.‘-.11.-"‘-. A .‘

H----------------------------------------------------------------i [
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
1712117371317 717317713171 3371177111711 1 I .71 I ST I AT AEI I A E I TITI AT AN I AR I A E A E T A RTIE LR tﬂ
- -

----------------------------------------------------------------------------------------------------------------------------------
1112357113171 713217133211 33132771 1T 1. 1L 33 1 A 71 A .. ... I AT TI SR E I EI T AT AR I EE IS E A ET A RLIERL R

E=‘-"-"""-n‘-l"""‘H‘-n"I"-"‘-h"n“““‘ﬁ“n“l“-““n '

[ e Y

’



US 8,410,629 B2

Sheet 5 of 5

Apr. 2,2013

U.S. Patent

3

. !

-
- - TR R R T T T T T Y TR T v v v ey
T

T e T T e T e T e T e T T T T T T T T T

T TF TR T T T T T T T

T TR TR TE TR TR R R R W W W

TS T TR T T T T T TR Y
. -

= L L -|.=h_"|,.|

AT T T T T T T e
=

1.‘.1.1.'..1..‘.%““..'.".““‘hﬁﬂ““““‘..‘““

ﬁ.”xk_h mx‘.u

6 Ol

2

Ocl




US 8,410,629 B2

1

TAPERED MAGNETIC THRUST BEARING
WITHIN AN ELECTRIC GENERATOR WITH
ADJUSTING AIR GAP CONTROLS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates, 1n general, to an electric
generator using a permanent magnet in a shape of a tapered
cone, especially, one which induces a useful equilibrium of
magnetic force and, more particularly, to a magnetically bal-
anced electric generator, in which a power-generating core
unit and a power-generating magnet are spaced apart at con-
stant 1ntervals using a magnetically repulsive force, which 1s
caused by a permanent magnet shaped like a tapered cone,
and a magnetically attractive force, which 1s caused between
the power-generating core unit and a power-generating mag-
net, and the 1nterval 1s controlled depending on the intensity
of wind, thereby improving power-generation eificiency, the
lifetime of parts, and economical efficiency of products.

2. Description of the Related Art

Generally, an electric generator means a device that
includes a rotor which rotates under external force, a fixing
structure supporting the rotor, and an electricity-generating
unit which operates upon rotation of the rotor. However,
bearings of such electric generators have a problem 1n that a
certain amount of o1l should be regularly supplied to the
bearings and the contamination of foreign substances causes
damage to the bearings.

Further, in case of wind turbines using wind power as an
external force, an electrical-connection controller should be
installed 1n order to generate electricity as expressed by the
formula E:Cpx(l/z)xprxvz”, which however 1s difficult
work, and thus problems such as the complexity of parts,
burning-out of electric parts or the like occur. Wind turbines
are the hardest kinds of electric generators to design because
they have to deal with energy proportional to cubic wind
velocity.

Meanwhile, the applicant developed a new construction
clectric generator in consideration of the fact that existing
vertical type wind generators do not sutficiently utilize wind
power, which generator was disclosed in Korean Patent Reg-
istration No. 0743475,

FIG. 1 shows the structure of the electric generator 1in a
cross-sectional view.

The disclosed electric generator 1s called a variable electric
generator for a wind turbine, which includes a group 11 of
magnets which 1s installed on a lower end of a rotor 10
rotating with the wind, a plurality of core units 21 which 1s
installed 1 a fixing structure 1 such a manner as to be
arranged concentrically with the magnets of the group and
which upon rotation of the rotor 10 interacts with the magnets
to thereby generate electricity, an anemometer 30 detecting,
the magnitude of wind velocity, an electric accumulator 40
storing electricity generated by the core unit 21, and a termi-
nal 50 connecting the respective core units 21 and the electric
accumulator together such that the core units are selectively
connected with the electric accumulator according to the
wind velocity detected by the anemometer 30.

The variable electric generator of this type changes a
power-generating condition depending on the intensity of
wind, having such advantages as more efficiently utilizing
wind power.

In the meantime, 1n order to generate electricity using
interaction between the power-generating magnet and the
core unit, 1n which a coil 1s wound around a silicon steel plate,
an interval between the power-generating magnet and the
core unit should be maintained to approximately 1 mm. Then,
since the interval 1s maintained by a spherical steel bearing
61, which 1s mounted between the rotor and the fixing struc-
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2

ture, the bearing should be periodically lubricated so that the
interval can be maintained accurately and efficiently, which 1s
troublesome work, otherwise the bearing may burn out during
use, problematically requiring replacement with new one.

Furthermore, problems such as contact points burning out
during manipulation of the power-generating coil, which may
result in a reduction in lifetime, may occur.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems occurring 1n the related art, and
the present invention intends to propose a magnetically bal-
anced electric generator 1n which a rotating magnet body 1s
separated at a constant interval from a power-generating
block, thereby maintaining a magnetically balanced interval
between a power-generating core unit and a power-generating,
magnet, without providing a separate spherical steel bearing,
using a magnetically repulsive force between two magnets
cach having the shape of a tapered cone, and a magnetically
attractive force occurring between the power-generating
magnet and the power-generating core unit, thereby solving
problems such as replacement or the like of a bearing being a
nuisance and accompanied by cost increases.

Another object of the present invention i1s to provide a
magnetically balanced electric generator in which an interval
between a power-generating core unit and a power-generating,
magnet 1s controlled according to the intensity of wind,
thereby considerably improving the efficiency of power gen-
eration.

In order to achieve the above objects, according to one
aspect of the present invention, there 1s provided a magneti-
cally balanced electric generator including: a rotor rotating
with external force; a fixing structure having a fixing axis
rotatably supporting the rotor; a rotating magnet body
coupled with the fixing axis in such a manner as to be movable
therealong, and engaged with the rotor so as to rotate together
with the rotor; a power-generating block installed on the
fixing structure while being vertically separated from a lower
portion of the rotating magnet body; a first magnet mounted
along the circumierence of the rotating magnet body; a sec-
ond magnet mounted along the circumierence of the power-
generating block and generating a repulsive force while repel-
ling the first magnet, thereby magnetically separating the
rotating magnet body from the power-generating block; a
plurality of power-generating magnets mounted 1n the rotat-
ing magnet body and rotating about the fixing axis upon
rotation of the rotating magnet body; a plurality of power-
generating units mounted in the power-generating block such
that they are positioned vertically downwards with respect to
the power-generating magnet, and generating electricity
because of the interaction with the power-generating magnet
upon rotation of the power-generating magnet; and a gap
control unit moving the rotating magnet body because of the
interaction with an external force so as to control a gap
between the rotating magnet body and the power-generating
block and therefore control a gap between the power-gener-
ating magnets and the power-generating core units, variably
changing the amount of power generation.

In an exemplary embodiment, the gap control unit may
include a reaction lever hinge-coupled to the fixing structure
and rotating about a hinge axis when under external force; and
a connector, upon rotation of the reaction lever, connecting
the reaction lever and the rotating magnet body so as to pull
down the rotating magnet body.

In an exemplary embodiment, the first and second magnets
may have a tapered cone shape, the upper portion of which 1s
wider than the lower portion.

In an exemplary embodiment, the external force may be
wind power which rotates the rotor so that electricity 1s gen-
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crated with interaction between the power-generating core
units and the power-generating magnets.

According to the construction of the present invention, the
rotating magnet body rotates together with the rotor while
being maintained at a constant interval from the upper portion
of the power-generating block because of the repulsive force
between the two tapered conical magnets and the attractive
force occurring between the power-generating core units and
the power-generating magnets, thereby providing conve-
nience of maintenance and reducing energy loss by resistance
because a separate bearing 1s not used.

Further, as external force applied to the rotor increases, the
power-generating magnets and the power-generating core
units become proximal to each other, whereas on the other
hand as external force applied to the rotor decreases, for
example the wind blows comparatively lightly, the power-
generating magnets are allowed to be spaced far away from
the power-generating core units. That is, 1n the correlated
equation F=kx(m, xm,)/r*, if an interval decreases, F and the
amount of power generation will increase proportional to
1/r*, and if an interval increases, the amount of power gen-
eration will decrease proportional to 1/r*, thereby providing
eificient power generation in conformity with wind velocity.

That s, referring to the correlated equation E=C_x(%2)xpx
Axv>, there is an implementation in which a power generator
suitable for a 3-dimension v°, a device that corresponds to the
3-dimensions of (1/r)*xv_, is realized. Here, E indicates
power-generation energy, C, indicates the etficiency, p indi-
cates air density, A indicates the cross section that 1s subjectto
wind, v indicates the wind velocity, v_. indicates relative
velocity of a power-generating magnet to the power-generat-
ing core unit according to the wind velocity, and r indicates a
distance between the power-generating core unit and the

power-generating magnet.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present mvention will be more clearly understood from the
tollowing detailed description when taken in conjunction
with the accompanying drawings, 1n which:

FI1G. 1 1s a cross-sectional view 1illustrative of the structure
ol a conventional vanable electric generator;

FIG. 2 1s a front view 1illustrative of the structure of a
magnetically balanced electric generator according to a pre-
terred embodiment of the present invention;

FI1G. 3 1s a front view 1llustrative of the major structure of
the electric generator of FIG. 2;

FI1G. 4 1s a plan view 1illustrative of the coupling structure
between a rotor and a rotating magnet body according to an
embodiment of the present invention;

FIG. 5 1s a plan view illustrative of the rotating magnet
body;

FIG. 6 1s a perspective view illustrative of first and second
magnets according to an embodiment of the present inven-
tion;

FIG. 7 1s a plan view 1illustrative of a power-generating,
block according to an embodiment of the present invention;

FIG. 8 1s a perspective view illustrative of a power-gener-
ating core unit according to an embodiment of the present
invention; and

FI1G. 9 1s a front view 1illustrative of the structure of a gap
control unit according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made 1n greater detail to a pretferred
embodiment of the invention, an example of which 1s 1llus-
trated 1n the accompanying drawings. Wherever possible, the
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4

same reference numerals will be used throughout the draw-
ings and the description to refer to the same or like parts.
FIG. 2 1s a front view illustrative of the structure of a
magnetically balanced electric generator according to a pre-
terred embodiment of the present invention, FIG. 3 1s a front
view 1llustrative of the major structure of the electric genera-
tor of F1G. 2, FI1G. 4 15 a plan view 1illustrative of the coupling

structure between a rotor and a rotating magnet body accord-
ing to an embodiment of the present invention, FIG. 51sa plan

view 1llustrative of the rotating magnet body, FIG. 6 1s a
perspective view 1llustrative of first and second magnets
according to an embodiment of the present invention, FIG. 7
1s a plan view illustrative of a power-generating block accord-
ing to an embodiment of the present invention, and FIG. 8 1s
a perspective view 1llustrative of a power-generating core unit
according to an embodiment of the present invention.

Themagnetically balanced electric generator of the present
invention includes a rotor 110, a fixing structure 120, a rotat-
ing magnet body 130, a power-generating block 140, a {first
magnet 150, a second magnet 160, power-generating magnets
170, and power-generating core units 180.

The rotor 110 rotates under external force, which may
include wind power, water power, vapor pressure, process
pressure (e.g. brake pressure) which 1s produced during the
operation of devices, wherein the magnetically balanced elec-
tric generator of this embodiment has a structure optimally
suitable for wind power.

The fixing structure 120 rotatably supports the rotor 110
and has a vertical fixing axis 121.

The rotating magnet body 130 1s coupled with the fixing
axis 121 such that it 1s movable along the fixing axis 121. It 1s
also engaged with the rotor 110 by means of an engaging rod
111 body so as to rotate together with the rotor 110.

Meanwhile, the engaging rod body 111 consists of a plu-
rality of rods, which i1s arranged 1n a circular form about the
fixing axis 121 and extends from the undersurface of the rotor
110 over the rotating magnet body 130. Such a structure of an
engaging rod body 111 allows the rotating magnet body 130,
which 1s coupled with the rotor 110 via the engaging rod body
111, to rotate about the fixing axis 121 upon rotation of the
rotor 110, and it also allows the rotating magnet body 130 to
move freely 1n a vertical direction, provided that the rotating
magnet body 130 1s requested to be moved by the repulsive
force occurring between the first and second magnets 150 and
160, the attractive force occurring between the power-gener-
ating magnets 170 and the power-generating core units 180,
or the action of the gap control unit 210, which will be
described later.

The power-generating block 140 1s mounted on the fixing,
structure 120 1n such a manner as to be vertically spaced from
a lower portion of the rotating magnet body, so as to provide
space for mounting the power-generating core units 180.

The first magnet 150 1s mounted in the rotating magnet
body 130 and reacts with the second magnet 160 to thereby
produce a repulsive force which keeps the rotating magnet
body 130 separated away from the power-generating block
140. The first magnet 150 has the structure of a circular ring,
preferably having the shape of a tapered cone, like a horn, the
upper portion of which 1s wider than the lower portion, the
circular ring extending along the circumierence of the rotat-
ing magnet body 130.

The second magnet 160 1s mounted 1n the power-generat-
ing block 140 and reacts with the first magnet 150 to thereby
produce the repulsive force. The second magnet 160 also has
the structure of a circular ring, preferably having the shape of
a tapered cone, like a horn, the upper portion of which 1s wider
than the lower portion, the circular nng extending along the
circumierence ol the power-generating block 140.

Being made for the first and second magnets 150 and 160

into tapered cones naturally prevents the rotating magnet




US 8,410,629 B2

S

body 130, which 1s magnetically separated from the power-
generating block 140 by the repulsive force, from deviating
laterally, thereby relieving the load to be applied to the fixing
axis 121 or the engaging rod body 111.

Meanwhile, the first and second magnets 150 and 160 are
arranged so as to face each other at the same polarities, 1n
order to produce the repulsive force. In FIG. 3, the arrange-
ment 1s shown in which S polarities of the first and second
magnets 150 and 160 face each other.

The power-generating magnet 170 consists of a plurality of
magnets 170, which 1s arranged 1n a circular form about the
fixing axis 121 1n the rotating magnet body 130 such that upon
rotation of the rotor 110, the magnets 170 also rotate about the
fixing axis 121. Here, the magnets 170 are arranged such that
adjacent magnets 1n alternation have opposite polarities for
AC power generation. For example, 1n the case of a magnet
170 having N polarity at its lower side, the opposite magnets
170 adjacent to the former magnet are arranged to have S
polarities on the lower sides.

The power-generating core unit 180 consists of a plurality
of core units, which 1s arranged 1n a circular form about the
fixing axis 121 in the power-generating block 140. Each core
unit 180 1s provided with a coil 183 which 1s wound around a
core 182 having therein a plurality of silicon steel plates 181.
The core units are arranged vertically downwards from the
power-generating magnets 170 so that upon rotation of the
rotatmg magnet body 130, N and S polarities of the magnets
170 1n alternation pass over the upper portion of the core units
180 so as to generate alternating magnetic flux, which causes
the coil of the core unit 180 to be voltage-induced, thereby
generating the electricity.

The power-generating core units 180 are connected with an
clectric accumulator 200 via a voltage controller 190 so as to
convert the generated electricity to direct current electricity
and store 1t 1n the electric accumulator. The voltage controller
190 converts 1rregular voltage, which 1s generated from the
plurality of core units 180, into constant voltage, and transters
it to the electric accumulator 200.

In the power generation process of the power-generating,
magnets 170 and the power-generating core units 180, an
attractive force 1s generated between the magnets 170 and the
core units 180. This attractive force and the repulsive force,
which occurs between the first and second magnets 150 and
160, become balanced to thereby provide a magnetically bal-
anced equilibrium state, which allows the rotating magnet
body 130 to stably rotate while maintaiming a constant dis-
tance with the power-generating block 140, even without
using a bearing.

Generally, magnetic intensity between two magnets 1s
obtained using Coulomb’s law, which can be generally
expressed by the following equation 1:

H=kx(m xm,)/r? Equation 1

Meanwhile, the repulsive force between the first and sec-
ond magnets can be expressed by the following equation 2,
using equation 1.

H =kx(m,xm,)/r? Equation 2

(here, m,, and m_, are the intensity of the first and second
magnets, and r, 1s an interval between the first and second
magnets)

Meanwhile, the attractive force between the power-gener-
ating magnets and power-generating core units can be
expressed by the following equation 3, using equation 1.

H =kx(m xm_5)/r 2 Equation 3

(here, m_, and m_, are the intensity of the power-generating
magnets and magnetized power-generating core units, and r
1s an 1terval between the power-generating magnets and the
power-generating core units)
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If r<r, when m,,=m ,<m_,=m _,, the rotating magnet
body 130 becomes magnetically balanced at a certain posi-
tion on the power-generating block 140, maintaining a stable
state.

In order to satisty the above condition, the present inven-
tion 1s configured such that the power-generating magnets
170 have a magnetic intensity greater than those of the first
and second magnets 150 and 160, and the interval r, between
the power-generating magnets 170 and the power-generating
core units 180 1s greater than the interval r, between the first
and second magnets.

In case of the first and second magnets 150 and 160, the
power-generating magnets 170, and the power-generating
core units 180 being arranged as such, when the rotating
magnet body 130, which 1s magnetically separated because of
the repulsive force between the first and second magnets, 1s
ready to move away from the power-generating block 140, at
a certain position, the attractive force between the power-
generating magnets 170 and the power-generating core units
180 becomes greater than the repulsive force, so that the
rotating magnet body 130 does not move away any more and
keeps a stable state, which 1s called 1n the present invention a
magnetically balanced equilibrium state.

Meanwhile, assuming that m ,, m ,, m_,, m_,, r,, and r”
satisty the above condition and the respective values are as
shown 1n table 1, the repulsive force and the attractive force
according to a change in an interval between the rotating

magnet body and the power-generating block change as fol-
lows:

TABLE 1
Repulsive  Aftractive

m,; I, T, Im,, I, I, Force Force

2 2 0.5 3 3 1 16 9

2 2 1 3 3 1.5 4 4

2 2 1.5 3 3 2 1.778 2.25

2 2 2 3 3 2.5 1 1.44

2 2 2.5 3 3 3 0.64 1

Table 1 1s a simple comparison of values provided only for
illustrative purposes, so that the unit for the assumed values 1s
omitted, and in the calculation of the repulsive force and
attractive forces, k of equations 2 and 3 1s considered to be 1
because 1t 1s a constant.

It can be seen 1n the table that as the rotating magnet body
130 and the power-generating block 140, 1.e. two magnets,
become closer, the repulsive force prevails over the attractive
force, so that the rotating magnet body 130 cannot completely
come 1nto contact with the power-generating block, but 1s
separated therefrom by means of repulsive force; as the repul-
stve force and the attractive force become 1dentical to each
other at a magnetically balanced equilibrium position, the
rotating magnet body 130 maintains a stable state; and as the
rotating magnet body 130 moves far away from the power-
generating block 140, the attractive force prevails over the
repulsive force, thereby preventing the rotating magnet body
130 from moving farther away.

Meanwhile, the first and second magnets 150 and 160,
which produce the repulsive force, are the structures that
extend along the circumierences of the rotating magnet body
130 and the power-generating block 140. Although the first
and second magnets continuously produce repulsive force
upon rotation of the rotating magnet body 130, the rotating
magnet body 130 may vibrate due to a discontinuous attrac-
tive force because the power-generating magnet 170 and the
power-generating core unit 180, which will produce the
attractive force, consist of multiplicity.

Then, according to the present invention, the power-gen-
erating core units 180 are arranged 1n two-row structure in the
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power-generating block 140. Here, the two-row structure
means that a first row of power-generating core unmts 180 1s
arranged about the fixing axis 121 1n a circular form 1n the
power-generating block 140, and a second row of power-
generating core units 180' 1s further arranged 1n the circular
first row of the core units 180. Here, all of the inner row of
core units 180' and the outer row of core units 180 are
arranged vertically downwards from the power-generating
magnet 170.

Meanwhile, a gap control unit 210 1s preferably provided in
order to control the amount of power generation through
regulating a gap between the rotating magnet body 130 and
the power-generating block 140 depending on an external
torce applied to the rotor 110.

FI1G. 9 1s a front view illustrative of the structure of the gap
control unit according to an embodiment of the present inven-
tion.

In case of the power-generating core units 180, which
interacts with the power-generating magnets 170 to produce
clectricity, as they approach the power-generating magnets
170, they produce a greater amount of electricity, and vice
versa. Then, when a strong external force 1s applied to the
rotor 110, the gap control unit 210 lowers the rotating magnet
body 130 such that the power-generating magnets 170 and the
power-generating core units 180 become closer to each other,
whereas, when a weak external force 1s applied to the rotor
110, the gap control unit 210 1s operated such that the power-
generating magnets 170 and the power-generating core units
180 are separated away by means of a repulsive force, thereby
performing power generation depending on the magnitude of
the wind velocity.

The gap control unit 210 consists of a reaction lever 211
and a connector 212.

The reaction lever 211 1s hinge-coupled at 1ts middle por-
tion to the fixing structure 120 such that it rotates about a
hinge axis 2112. The reaction lever has opposite ends,
wherein one end 1s provided with a pocket 2111 for reception
of external force, and the other end 1s connected with the
rotating magnet body 130 via the connector 212.

When the reaction lever 211 interacts with external force
and rotates, the connector 212 draws and lowers the rotating
magnet body 130 so as to regulate the interval between the
rotating magnet body 130 and the power-generating block
140. The connector includes a connecting rod 2121 extending
from the other end towards 1nside of the fixing structure 120,
acontrolrod 2122, an end of which 1s rotatably hinge-coupled
to the fixing structure while being engaged with the rotating,
magnet body 130, and a connecting rope 2124 connecting the
control rod 2122 and the connecting rod 2121 via a roller
2123 provided 1n the fixing structure 120.

When the reaction lever 211 rotates with external force, the
connector 212 draws the rope 2124 via the connecting rod
2121 and the control rod 2122 rotates and draws the rotating
magnet body 130, thereby lowering the rotating magnet body
130.

Thus, 11 the external force 1s wind power, as 1t increases, an
angle increase, at which the reaction lever 211 rotates about
the hinge axis 2112, and accordingly a distance also
increases, for which the rotating magnet body 130 moves
down. Thus, since the interval r between the power-generat-
ing magnet and the power-generating core unit decreases, 1/r
increases so that the amount of generated electricity can be
increased proportional to wind power.

That s, referring to the correlated equation E=C _, 2)xpx
Axv’, there is an implementation in which, for the power
generator suitable for a 3-dimension v°, a device that corre-
sponds to 3-dimension of (1/r)°xv .. is realized. Here, E indi-
cates power-generation energy, C, indicates the efficiency, p
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indicates air density, A indicates a cross section that 1s subject
to wind, v indicates the wind velocity, v . indicates relative
velocity of the power-generating magnet to the power-gener-
ating core unit according to the wind velocity, and r indicates
a distance between the power-generating core unit and the
power-generating magnet.

On the contrary, if the wind power becomes weakened, the
rotating magnet body 130 moves up by means of repulsive
force occurring between the first and second magnets 150 and
160, and at the magnetically balanced position where the
repulsive force and the attractive force become balanced, 1.¢.
reach a equilibrium state, the rotating magnet body rotates
again while maintaining a stable state.

Although a preferred embodiment of the present invention
has been described for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the mvention as disclosed in the accom-
panying claims.

What 1s claimed 1s:

1. A magnetically balanced electric generator comprising:

a rotor rotating under external force;

a fixing structure having a fixing axis rotatably supporting
the rotor;

a rotating magnet body coupled with the fixing axis in such
a manner as to be movable therealong, and engaged with
the rotor so as to rotate together with the rotor;

a power-generating block installed on the fixing structure
while being vertically separated from a lower portion of
the rotating magnet body;

a first magnet mounted along the circumierence of the
rotating magnet body;

a second magnet mounted along the circumierence of the
power-generating block and generating a repulsive force
while repelling the first magnet, thereby magnetically
separating the rotating magnet body from the power-
generating block;

a plurality of power-generating magnets mounted 1n the
rotating magnet body and rotating about the fixing axis
upon rotation of the rotating magnet body;

a plurality of power-generating units mounted in the
power-generating block such that they are positioned
vertically downwards with respect to the power-gener-
ating magnet, and generating electricity because of
interaction with the power-generating magnet upon
rotation of the power-generating magnet; and

a gap control unit moving the rotating magnet body with an
interaction of an external force so as to control a gap
between the rotating magnet body and the power-gener-
ating block and therefore a gap between the power-
generating magnets and the power-generating core
units, variably changing the amount of power genera-
tion.

2. The magnetically balanced electric generator according,
to claim 1, wherein the gap control unit includes a reaction
lever hinge-coupled to the fixing structure and rotating about
a hinge axis with external force; and, a connector, which upon
rotation of the reaction lever, connects the reaction lever and
the rotating magnet body so as to pull the rotating magnet
body down.

3. The magnetically balanced electric generator according,
to claim 1, wherein the first and second magnets have a shape
of a tapered cone, the upper portion of which 1s wider than the
lower portion.

4. The magnetically balanced electric generator according,
to claim 1, wherein the external force 1s wind power.

G o e = x
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